The plant growth regulator, [(2RS,3RS)-1-(4-chlorophenyl)-4,4-dimethyl-2-(1,2,4-triazol-1-yl)-pentan-3-ol] (paclobutrazol; PP333), is a triazole derivative and has been shown to inhibit shoot growth on apple trees (5, 12, 15, 17, 22) . Coolbaugh et al. (3, 4) showed that ancymidol blocks with high specificity the oxidative steps leading from ent-kaurene to ent-kaurenoic acid in the pathway of GA' biosynthesis. The same oxidative steps are thought to be inhibited by the active triazol derivatives (9) . Paclobutrazol has been reported to inhibit GA biosynthesis in plants by inhibiting kaurene oxidase, a Cyt P-450 oxidase, thus, blocking the oxidation of kaurene to kaurenoic acid (6, 8) . The inhibitory activity of paclobutrazol can be reversed by GA (12, 15) . Paclobutrazol was also shown to shift assimilate partitioning from leaves to roots, increase carbohydrates in all parts of apple seedlings, increase Chl content, soluble protein, and mineral element concentration in leaf tissue, increase root respiration and reduce water use (18, 19) . Paclobutrazol also prevented accumulation of water stress-induced -aminocyclopropane--carboxylic acid, -(malonylaminocyclopropane--carboxylic acid, ethylene production and polyamines in apple leaves (18) . Reduced level of cellulose was also associated with the inhibition of apple shoot extension in the paclobutrazol-treated trees (20) .
Paclobutrazol has been applied to leaves (21) , to roots or directly to the vascular system of the stems (1, (10) (11) (12) . Sterrett (16) found that 27 d after the pressure injection of ['4C]paclobutrazol into the trunk of young apple trees, 23% of the 14C-activity was in the shoots, 1% was in the xylem and phloem tissue between the graft and apex; 58% remained in the xylem and phloem tissue near the injection site and 8% was in the roots. The translocation of paclobutrazol from root uptake has been assumed to occur primarily through xylem (6, 16) . However, few direct experimental data have been provided to support this assumption. The objectives of this study were to determine 'Abbreviations: GA, gibberellin; El, electron impact; TMSi, trimethylsilyl ether; amu, atomic mass unit. the translocation and distribution pattern of paclobutrazol from root system of apple seedlings at various time intervals by GC and to confirm the presence of paclobutrazol in apple seedling tissues by GC-MS.
MATERIALS AND METHODS
Plant Material and Treatments. The growing conditions and treatments of the apple seedlings ('York Imperial' Malus domestica Borkh.) were as described previously (15, 19 (16) . Samples were evaporated to dryness under vacuum. The extract was transferred with acetone to derivatizing vials and was evaporated to dryness under N2. Paclobutrazol was derivatized as paclobutrazol-TMSi for GC analysis. Dried paclobutrazol extract was mixed thoroughly with 1.0 ml of pyridine reagent, previously prepared by dissolving 2.5 g of hydroxylamine hydrochloride and 0.3 g of f3-phenyl-D-glucopyranoside (internal standard) in 100 ml of high purity pyridine. The mixture was heated for 30 min at 75°C with 30 s for vigorous shaking at intervals, cooled briefly at room temperature, then 0.5 ml of hexamethyldisilazane was added, followed by 4 drops of trifluoroacetic acid. The mixture was centrifuged and the supernatant was injected for gas chromatographic separation and quantification. A Hewlett-Packard 5880 gas chromatograph equipped with a flame ionization detector and a fused silica capillary column (methylsilicone fluid, 12.5 m x 0.2 mm) was used for separation of paclobutrazol-TMSi. Initial oven temperature was set at 160°C and was followed by a temperature program of 100C min-' to a final oven temperature of 250TC. The final oven temperature was held isothermal for 3.5 min. The injection port temperature was set at 250TC. The detector temperature was set at 275C.
Helium was used as a carrier gas and the column head pressure was set at 75 kPa. A 1-,ul injection was made, using a split ratio of 20:1. Flow rates were 30 and 400 ml min-' for hydrogen and air, respectively. Typical retention time for paclobutrazol-TMSi was 5 min 57 s. Authentic paclobutrazol was carried through the procedures and was used as standards for quantitative determination. Recovery rate was 56.24% based on the mean of nine analyses. All experiments were repeated three times with three replicates for each treatment.
Confirmation of Paclobutrazol by GC-MS. A Pye Unicam model 104 gas chromatograph equipped with a 0.46 m X 2.0 mm (i.d.) 3% OV 1 packed glass column and Kratos AEI MS 30 double beams mass spectrometer was used to confirm the identity of the paclobutrazol-TMSi. Column temperature was 190TC. Ultrapure helium was used as carrier gas at a flow rate of 40 ml/ min. Injector was 240TC. Jet separator was 250TC. Typical retention time for paclobutrazol-TMSi was 2 min 15 s. Data acquisition was accomplished with DS-SOS software and a Data General NOVA 2 computer. Accurate masses of the full mass spectrum were run by magnetic scanning and were measured first with the standard at a resolution of 3000 or higher. Figure 1 . The significant ions and their atomic composition are listed in Table I . The molecular ion m/z 365 was very weak and sometime absent. It was similar in character to the spectra of TMSi derivative of alcohol (13) . The Figures 3 and 4 . Since they were switched by voltage jumping, the relative intensities were quite different from the full mass spectrum which was run on magnetic scanning. The ion peaks were integrated with baseline subtractions and their relative abundances are tabulated in Table  II . There were two sets of ions. The first set of ions of higher masses (m/z 308, m/z 310, m/z 350, and m/z 352) were run first. If GC retention times were the same, and the relative abundances fell within ±20% of the standard, the compound was confirmed. The second set of ions of lower masses were optional for extra confirmation confidence if detected. The higher masses set mass chromatograms (Fig. 3) were nearly free from interferences. Whereas lower masses set mass chromatograms (m/z 218, m/z 220, m/z 239, and m/z 279), had more peaks, mainly fl-phenyl-D-glucopyranoside (internal standard) followed the paclobutrazol-TMSi ether peaks (Fig. 4) . Based on the above information, our results indicated that the compound which we measured from apple seedling extracts was indeed paclobutrazol.
Translocation was translocated and retained in the stem (63.0%), especially in the lower portion (43.0%). Leaves when the tops of apple seedlings were treated with paclobutrazol, only the growth ofthe upper part was inhibited. Higher inhibitory activities were also found when paclobutrazol was applied to roots or stems than when it was applied to foliage (5, 11, 12, 21) . These results support the assumption that paclobutrazol is translocated through the xylem (6, 16) . The presence of paclobutrazol in the bark (phloem) when supplied through roots in hydroponic culture does not indicate it is mobi4zed through the bark (phloem). It was perhaps due to lateral translocation from xylem to bark (phloem).
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